Introduction. The paper is devoted to research of the wave processes with free boundary based on the finite-difference method. Materials and methods. A mathematical model describing the dynamics of distribution of wave fluctuation was proposed on the basis of heterogeneous wave equation with the appropriate initial and boundary conditions. Discretization of the model was conducted using the integro-interpolation method taking into account the partial "filling" of computational cells. The adaptive modified alternating triangular iterative method of variational type with the highest rate of convergence in the class of two-layer iterative methods for solving the developed difference equations. Results. The developed discrete mathematical model for numerical simulation of wave propagation. The results of numerical experiments were obtained. The developed numerical algorithms and their computer implementation were used to research the dynamics of distribution of wave processes in the presence of the free boundary. Discussion and conclusions. The obtained results can be used for research of the dynamics of distribution of the wave processes with a free boundary and controlling in conducting experimental researches, evaluation and diagnosis, etc.
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103 velocity along the ray trajectories imposed by law of Snellius. The amplitude of these waves is determined by the geometric divergence of rays in the path from source to receiver. In HaskellThomson matrix method and it's modifications, the problem is investigated in the frequency domain: when a set of frequencies solve the system of Helmholtz equations is solved with a further shift in the time domain at a certain set of frequencies.
We can calculate the total wave field using direct numerical methods for solving the wave equation. The modeling of total wave field is performed at solving differential equations of wave motion. The wave field is calculated at a set of nearby discrete grid nodes by approximation of derivatives by finite differences and recursive solution of differential equation.
The purpose of this paper is mathematical modeling and development of the software complex, implemented the model and intended to describe the distribution of wave fluctuations with free boundary based on the finite-difference method.
The following problems were solved in accordance with the purpose of this paper: -the discrete model taking into account the fullness of computational cells was developed which guaranteed the implementation of the basic conservation laws at the discrete level;
-the dependence of the approximation error from step of temporary variable was researched; -the conditions of stability of three-layer difference schemes were obtained; -the optimal values for the weight parameter of three-layer difference schemes were calculated;
-the variant of adaptive modified alternating triangular iterative method of variational type (MATM), which has the best rate of convergence, was developed;
-the software complex for modeling the distribution of oscillatory processes with a free boundary was designed.
Materials and methods. Problem statement. We must solve the heterogeneous wave equation [1] [2] [3] where n is the internal surface normal. The computational domain is inscribed in a rectangle and covered by a uniform computational grid : Discrete model. The approximation of model equations was performed on rectangular grids using the modification of integro-interpolation method [4, 5] that takes into account "filling" of № 1 / 2017 104 computational cells. So, we can dynamically vary the discrete computational domain without transforming the grid, i.e. without additional computational costs [6, 7] .
The approximation of operator of the second differential derivative has the form: 
The location of the nodes relative to cells is shown in Fig. 1 . We used the integro-interpolation method for obtaining the discrete model. The difference scheme, approximated the wave equation, is in the form:
are weights of scheme. 
22 min , 
The condition of free boundary for problem of distribution of wave fluctuations takes the form: 
Numerical solution is corresponded to the following: cos( ) sin( ), Fig. 2 . This parameter describes the time step, referred to the wave period; the unit interval is corresponded to the 1/2π of wave period. Table 1 . The approximation error of the second derivative differential operator based on schemes of the second and fourth order accuracy. Difference schemes of the second and fourth order accuracy were obtained in paper [9] .
The scheme of the second order of accuracy:
The scheme of the fourth order of accuracy: The value r describes the number of nodes for the half of wave period (for a description of the object). Based on the obtained estimations we can calculate numerical values of winnings in computational time using schemes of high order of accuracy.
The dependence of approximation error of the second derivative operator for schemes of second and fourth order of accuracy are shown in Fig. 4 . Modified alternating triangular iterative method for calculating grid equations with nonself-adjoint operator. Using schemes taking into account the "filling" of control domains requires the implementation of the modified variant of alternating triangular iterative method [5] [6] [7] [8] 10] . This method has the quality evaluation of convergence rate and is effective for solving problems on grids taking into account the complex geometry of researching objects. At present the modified alternating triangular iterative method (MATM) is widely used at solving problems of aero-hydrodynamics and transport of bottom materials [11] [12] [13] [14] [15] [16] .
We use the implicit iterative process for the solution of grid equations [5, [7] [8] [9] ]:
where А is the linear, positive definite operator; m is an iteration number; τ>0 is an iterative parameter; B is some conversion operator. Note that the conversion of the operator B should be significantly easier than the direct conversion of the source operator A. We assume the additive decomposition of the operator A in the construction of operator B:
The operator-stabilizer is defined as follows:
where D is some operator.
The value ω is minimal at     The additional apriory information about initial problem is the important at this approach. This information for MATM method is associated with the estimations δ and Δ:
The estimation of the condition number is the following:
The developed software complex for calculating the distribution of oscillatory processes with a free boundary consist of the following units: initial data input unit; geometry calculation unit; unit for calculation coefficients of grid equations; unit for calculation functions of right parts of grid equations; transition unit for a coarser grid; unit for calculation grid equations using the modified alternating triangular method; calculation unit for computational window; unit of account of boundary conditions; output unit of computing pressure functions; output unit of spectrum; unit of calculating phase; unit of calculating the phase gradient; calculating orientation unit; output orientation unit.
Results. The developed numerical algorithms and software complex that implements them were used for research of the dynamics of wave processes distribution in the presence of a free boundary.
The dynamics of wave processes distribution in the presence of a free boundary is given in Fig.  5 . The bottom and left boundary are free, the top and right boundary are solid. Discussion and conclusions. The paper covered the research of wave fluctuations and development software complex designed for describing wave radiation processes with a free boundary. The proposed mathematical model is based on the heterogeneous wave equation with appropriate initial and boundary conditions. The grid method was used for solving problem. The discrete model was constructed using the integro-interpolation method taking into account the "filling" of computational cells which guaranteed the performing the basic conservation laws (for flux of the electric field and the circulation of magnetic field) on the discrete level. Optimal values of weight parameters were calculated.
The obtained grid equations were solved using the adaptive modified alternating triangular iterative method of variational type that has the quality evaluation of convergence rate in the class of two-layer iterative methods. The software complex for modeling distribution of electromagnetic waves in waveguides with the complex geometry was designed on the basis of developed parallel algorithms for adaptive MATM. The developed numerical algorithms and software complex implemented of them were used for researching the dynamics of wave processes distribution with the free boundary.
